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Abstract 
Science education is undergoing changes due to its increasing importance these days, as it faces economic and social challenges. 
Several science paradigms influenced and are still affecting science education. But these are unsatisfactory, and experts are trying 
to find a new paradigm. Using the PROFILES-project curricular Delphi study we try to identify stakeholders’ views on science 
education as a base of a new paradigm. The main research outcome is three concepts: (1) awareness of science in current, social, 
globally relevant and occupational contexts, (2) intellectual education in interdisciplinary science contexts and (3) facilitation of 
interest in the contexts of nature, everyday life and living environment.  
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1. Introduction 
We can register changes in STEM (Science, Technology, Engineering and Mathematics) education in most 
European countries as well as the USA (Osborne & Dillon, 2008). The reason is that STEM education has become 
even more important today, facing economic, environmental, and social challenges. Society has a task to prepare the 
younger generation for their adult roles as citizens, employees, managers, parents, and entrepreneurs (Pellegrino & 
Hilton, 2012; Rocard et al., 2007). We need a workforce with generally higher levels of STEM literacy for all 
students, as well as a sufficient number of highly gifted individuals entering scientific and engineering careers 
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(Bybee & Fuchs, 2006). This new attitude involves especially knowledge and skills which are necessary for 
everyday life.  
The expert commission of the EU “Science Education Now” (Rocard et al., 2007) stated that a new attitude to 
science education could increase the interest of young people in science. In order to be successful important 
curricular changes have to be accepted by all of the stakeholders in education: students, their parents, politicians and 
especially by teachers, who should implement these curricular changes into practice. Teachers do not accept changes 
which are forced upon them by administrators, policy-makers, etc. (Pajares, 1992; Raymond, 1997; Richardson, 
1998; Lederman, 1999; Powers, Zippay, & Butler, 2006). Findings indicate that teachers’ beliefs and practice were 
not wholly consistent, but nonetheless it is not easy to change them. According to Raymond (1997), there is inertia 
in teachers' beliefs. 
We focused on the identification of views on science education, what opinions on current science education are 
held by stakeholders and what priority should be preferred in their opinion. We present the research results of the 
PROFILES-project curricular Delphi study on science education, which involved important conclusions about 
current paradigms of science education. Our research results could be an incentive for innovation in science 
education towards new requirements of society (science for life) and can support development of the new science 
paradigm. 
2. Rationales 
We defined the paradigm of science education as a set of basic postulates, approaches, contents, objectives and 
instruments which influence and cause the transformation of scientific knowledge into science education. There is a 
gap between science and science education, which have different objectives and research paradigms (Herron, 1999).  
Science education is closely linked with the development of science but also with society's demands for STEM 
education. It used to be focused much more practically, especially on industry, agriculture, crafts and military 
applications.  
The first school science courses (more than one hundred years ago) were taught in a descriptive way to use simple 
knowledge primarily for future work. Students were not encouraged to explore natural phenomena. This approach 
changed at the end of the 19th century with the rapid development of science, technology and industry application 
(e.g. gasoline engines, electrification). The science paradigm aimed at simple practice for life was replaced by more 
modern approaches. The teaching of science was still descriptive and practically oriented, but significant changes 
were in the broader content and increase of theoretical knowledge (Skoda & Doulik, 2009). 
Several major science paradigms have emerged from the second half of the nineteenth century: 
x Pragmatic (from the second half of the 19th century) 
x Study of the nature (from the beginning of the 20th century) 
x Simple science (from the beginning of the 20th century) 
x Technological (from the end of WW2) 
x Humanistic (from the 1970s) 
x Scientistic (from the 1970s) 
x Multidisciplinary (from the 1990s) 
 
These paradigms strongly influenced and some of them (humanistic, scientistic and multidisciplinary) are still 
affecting science education (Skoda & Doulik, 2009). But most of them are outdated and unsatisfactory, and 
educational experts try to find some theoretical and empirical support for the creation of a new paradigm which 
would meet the requirements of all present stakeholders. 
The search for a new paradigm of science education is an important research issue. This problem is a global 
problem because it is based on global social and technology changes. In the search for a new paradigm of science 
education it is necessary to consider future conditions such as: 
x Rapid increase of STEM knowledge 
x Wide application of STEM knowledge in daily life (Internet) 
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x Impact of new technologies on the whole world population (information boom) 
x Growth of human population (higher level of needs, emphasis on education) 
x Demand on limited resources for population (water, food, energy) 
x Protection of population against risks (natural disasters, pollution, terrorism) 
We can say that finding the new future paradigm of science education has become a strategic social and economic 
issue. 
The issue of the search for a new paradigm in science education has a high complexity with many variables. A 
new factor is the relatively wide range of topics and problems that should be covered by the science education of the 
population: 
x Environmental issues (sustainable development) 
x Relationship and balance between science and society (postmodernism) 
x Various criteria for selecting the curriculum (contents, methods) 
x Interdisciplinary and multidisciplinary approach 
x Individualization and virtualization of education 
x Specializations in science education (in relation to professional needs of people) 
x Acceptance of special educational needs (disabled, gifted) 
x New learning approach of current students (NET-generation) 
x Continuous life-long education of all people 
We decided to study the opinions of significant stakeholders in science education: students, teachers, educators 
and scientists. The results of our study can help to find the appropriate paradigm for the future.  
3. Research question and methods 
We tried to describe the opinions of the stakeholders on a new paradigm in science education. In our study we are 
presenting our findings related to science education, but it is possible to identify data from physics, chemistry and 
biology education separately. Our main research question was:  
Which conceptual frameworks (concepts, paradigms) are considered as being important for current and future 
science education? 
The research method we used was a Curricular Delphi study (hereinafter CDS). Our research question was 
examined in the total sample and in the individual groups of the participants of CDS (Osborne, Ratcliffe, Collins, 
Millar, & Duschl, 2001; Bolte, 2008) as well. We applied the CDS on science education which was specifically 
developed within the PROFILES-project (2014). The main objective of this CDS was to find out the views of 
different groups of stakeholders (respondents of CDS) to the content and aims of science education in general 
(Osborne, Ratcliffe, Collins, Millar, & Duschl, 2003) as well as to engage them in outlining aspects and approaches 
of innovative science education (inquiry-based science education etc.). Our PROFILES CDS on science education 
was carried out in three rounds between the years 2011-2013 in the Czech Republic. We selected four different 
groups of participants: students (age 14-16), science teachers (from lower and upper secondary schools), science 
educators (university teachers involved in pre-service and in-service teacher training and research) and scientists (see 
Table 1).  
Table 1. Structure and number of participants. 
 students teachers educators scientists total 
Number of participants  56 30 28 25 139 
 
(1) The first round offered the participants a possibility to express their ideas about aspects of contemporary and 
pedagogically desired science education in three open questions regarding motives, situations and contexts as well as 
fields, aspects and qualifications.  
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(2) In the second round, the participants were informed about the allocated categories of the first round and asked 
both to assess to what extent the aspects expressed by the categories are realized in practice and to prioritize the 
given categories (see Table 2). In order to identify concepts that are considered important regarding science 
education, the participants were also asked to combine categories from the given set of categories.  
Table 2. Categories in questionnaire. 
Categories Number of items  
Part I: Situations, contexts and motives 18 
Part II a: Basic concepts and topics 20 
Part II b: Scientific disciplines and perspectives 24 
Part III: Qualifications 18 
Part IV: Methodical Aspects 8 
 
CDS participants answered the same questions from two points of view: (a) wishes and (b) reality. They wrote 
answers to the questions according to their opinion about the reality in Czech schools and they also wrote their 
wishes – their opinion on what it should be like. A sample of a questionnaire item (“Everyday life”) is presented in 
Table 3. 
Table 3. A sample of a questionnaire item. 
Part I:  
Situations, contexts and motives: 
 
Please assess the following categories 
according to the two questions stated. 
(a) WISH:  
Which priority should the respective aspects 
have in science education? 
(b) REALITY: 
To what extent are the respective aspects 
realized in current science education? 
1 = to a very low extent  
2 = to a low extent  
3 = to a rather low extent  
4 = to a rather high extent  
5 = to a high extent  
6 = to a very high extent 
1 = very low priority  
2 = low priority  
3 = rather low priority  
4 = rather high priority  
5 = high priority  
6 = very high priority 
 Everyday life [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6] 
 
(3) In the third round, those concepts identified by cluster analysis were fed back to the participants for a 
weighted assessment in the same way as in the second round.  
4. Results and discussion 
The answer to our research question “Which conceptual frameworks (concepts, paradigms) are considered as 
being important for current and future science education?” is presented through the findings of the third round of 
the PROFILES CDS on science education. The main research results are the set of concepts in science education 
which were developed in collaboration with 22 countries involved in the PROFILES-project (2014). Here is a 
description of the core of these concepts A, B, and C: 
(A) Awareness of science in current, social, globally relevant and occupational contexts in both educational and 
out-of-school settings refers to an engagement with science within the frame of current, social, globally relevant, 
occupational and both educational and out-of-school contexts, enhancing emotional personality development and 
basic skills.  
(B) Intellectual education in interdisciplinary science contexts refers to an engagement with science, their 
terminology, their methods, their basic concepts, their interdisciplinary relations, their findings and their 
perspectives, which enhance individual intellectual personality development. 
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(C) General science-related education and facilitation of interest in contexts of nature, everyday life and living 
environment refers to a science-related engagement with everyday life and living environment issues that takes up 
and promotes students’ interests, enhancing general personality development and education. Dealing with topics 
from the natural and technological living environment shows how science research, science applications and science 
phenomena influence both public and personal life. 
The objective of the third round PROFILES CDS on science education was to identify the priorities and opinions 
regarding the implementation of these concepts in science education with different groups of stakeholders. We found 
out (in the Czech Republic) these main research results: 
x Issues important for a new attitude to science education are included in all the three concepts.  
x There is a gap between the priority and opinion regarding implementation in all groups. Wishes have a higher 
level of positive assessment than current school reality. 
x All these concepts gained supporters. A slight predominance was seen in concept C, which is preferred especially 
by students and teachers.  
x Scientists slightly preferred concept B.  
x The concept of science education, which is persistently established in many Czech schools; participants 
determined concept B. 
The overall conclusion of our research highlighted the fact that it is necessary to change the existing paradigm of 
science education, although it is not too clear what new paradigm it should be. This fact is confirmed by the three 
concepts that were accepted by the stakeholders. We can observe a tendency towards promoting “science for life” 
and motivation of students to science. 
CDS is a relatively new research method in which only a small number of participants was included. Therefore 
we tried to verify our results by some subsequent research (Trnova & Trna, 2014). Using a teachers’ questionnaire 
we asked a larger group of science teachers what concept (A, B, and/or C) they preferred. We present the priorities 
(a) and opinion (b) of the group of 145 Czech science teachers from 2013 (see Figure 1). 
 
Figure 1. (a) Teachers’ priority of concepts; (b) Teachers’ realization of concepts. 
The outcomes of our subsequent research on Czech science teachers tended towards a slight predominance for 
concept C. Concept A was chosen as the second option and concept B was supported the least. These research 
outcomes confirm that there is a change in Czech science teachers’ thinking about teaching/learning science.  
We can compare our research with earlier research and experience, which has shown that Czech teachers used to 
prefer the concept (B) that school science subjects need to copy the structure of science and students should be “little 
scientists." This earlier view of teaching science is also related to the traditional way of teaching, which preferred an 
“active teacher” to an “active student.”  
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Figure 1 shows that science teachers would like concept C as a part of new paradigm (see the number of 
responses with the highest priority), but the reality is different. The reason may be inertia of the “old” way of science 
teaching/learning.  
5. Conclusions and recommendations 
The creation of a go-ahead paradigm of science education has to be based on research of the views of all 
stakeholders on the basic issues. Using the PROFILES CDS on science education we try to add a contribution to this 
sorely needed work. In the implementation of the educational process, a new paradigm fulfils the role of a “plan”; 
how to achieve the desired outcomes. However, this “plan” must be accepted by all stakeholders. The quality of 
education is closely related to the quality of teachers (Hanusek, Kain, & Rivkin, 2005), which is one of the most 
important factors influencing student educational outcomes. To accept changes teachers need to be familiar with 
them and accept them.  
The main result of our research is a set of concepts (A, B and C) in science education which can be used in new 
paradigm creation. It is gratifying that teachers’ wishes coincide with the views of experts on future science 
education.  All stakeholders are aware that science education should change and it is positive that they know what 
changes should be implemented. But it is not easy to change teachers' beliefs, therefore it is important to pay 
attention to teachers’ education in pre-service and in-service as well.  
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